ABSTRACT: Knowledge of the diets of tropical fish larvae is limited to only a few taxa. Here, we describe the diets of 591 individuals from 50 families of tropical larval shorefishes collected off the Northwest Shelf of Australia (21°49' S, 114°14' E), effectively doubling the number of families for which there is dietary data available. The diversity of prey items eaten differed significantly among families. The majority of fish larvae ate copepods but there were some interesting exceptions. Chaetodontids ate only chaetognaths, acanthurids and nemipterids ate appendicularians, and tetraodontids ate predominately non-copepod prey (44% decapod larvae, 20% bivalves and 15% protists). Within the fish families that specialised on copepod prey there were marked differences in the types of copepod prey, with a clear preference shown for calanoid copepods, particularly small calanoids such as Bestiolina similis and Temora spp. Copepod communities in the area are foodlimited and we suggest that the ability of some larval fishes to feed on components of the microbial food web may be an important determinant of their success.
INTRODUCTION
The importance of understanding the feeding ecology of marine fishes during the larval stage has been recognised for nearly a century (Hjort 1914) . Variation in food availability is thought to have major effects on larval growth and survivorship and can ultimately determine the numbers of juvenile fish recruiting to adult populations (Houde 1987) . To date, dietary studies have almost exclusively originated from temperate environments and have examined commercially important species such as Atlantic cod Gadus morhua, haddock Melanogrammus aeglifinus, and Atlantic herring Clupea harengus (from the orders Gadiformes and Clupeiformes). These studies show that larval fishes consume a wide range of zooplankton prey including phytoplankton, dinoflagellates, naked ciliates, tintinnids, rotifers, copepods, mollusc veligers, chaetognaths, appendicularia, and other fish larvae (Hunter 1981 , Leis 1991 . In contrast, relatively few studies have described the feeding ecology of larval fishes in tropical environments where perciform fishes dominate (Leis 1991) . Taxonomic differences between these orders of fishes, which correspond to differences in body form (elongate vs. compact) and swimming abilities (fast vs. slow) for a given size of larvae (Leis et al. 1996 , Fuiman & Higgs 1997 , Leis & Carson-Ewart 1999 , Fisher et al. 2000 , Fisher & Bellwood 2001 , Leis & McCormick 2002 , as well as major differences in temperature and prey communities, may mean that generalisations from temperate studies are unlikely to apply to tropical larvae.
Net collections of ichthyoplankton from tropical waters are remarkably diverse and contain few larvae that can be identified to species (Leis 1993 , Leis & CarsonEwart 2000 . When attempting to identify prey items in guts, problems of species diversity are greatly magnified. Consequently, dietary studies of tropical fish lar-vae have been limited to fewer than 35 species of shorefishes (Leis 1991 (Leis , Østergaard et al. 2005 , representing only a small fraction of the over 1000 species found on Indo-Pacific coral reefs (Lowe-McConnell 1987) . Here, we attempted to provide a broad overview of the feeding of larvae of tropical shorefishes from shallow waters (20 to 100 m depth) off the North West Cape of Australia (hereafter NWC) by: (1) describing the diets of 50 families of larvae of tropical shorefishes; (2) exploring whether diets differed among taxa for (i) all taxa examined and (ii) copepod specialists, by identifying the copepod prey items at an increased level of taxonomic resolution; (3) examining whether family level differences in the diet still occur when spatiotemporal variation is removed, by examining the larvae collected in one net tow; and (4) calculating prey selectivity for some of the prey items of 7 co-occurring larval shorefishes. We aimed to generate testable hypotheses for future research about the nature of dietary specialisation, prey selectivity and the role of larval fish as predators in tropical planktonic ecosystems.
MATERIALS AND METHODS
Sample collection and processing. Ichthyoplankton were collected during cruises in the vicinity of the NWC (21°49' S, 114°14' E) in the austral summers of 1997-98 and 1998-99 . Sampling focused on a shallow inshore site (B, ~20 m depth) located at the mouth of the Exmouth Gulf, and an offshore shelf break site (E, 100 m depth); an additional inshore site (TB, ~16 m depth) was sampled further north on the shelf near Thevenard Island in the second summer (see Fig. 1 in Sampey et al. 2004) . Oblique tows of Bongo nets (0.8 m net diameter, 500 µm mesh) to ~16 m depth were used to collect larvae at both sites. To ensure full guts, sampling occurred near dusk, as larval fish are visual predators (Blaxter 1986 ) with peaks in feeding occurring at dawn and dusk (Last 1980 , Young & Davis 1990 , McLaren & Avendano 1995 , McLaren et al. 1997 . For full details of sampling techniques see Sampey et al. (2004) . Zooplankton was sampled using vertically towed nets (0.5 m diameter, modified WP-2 net, 73 µm mesh; see Meekan et al. 2003) .
Larval fishes were sorted into recognisable taxa and identified to the lowest taxonomic level possible (usually family). Taxa were initially selected for gut analysis based on abundance, with up to 20 ind. of particular taxa targeted wherever possible from the same sample. Subsequently, fish were analysed based on whether they could be considered to be reef fishes (sensu Leis & Carson-Ewart 2000) . Standard length (SL) and mandible length (ML) were measured with an ocular micrometer. The guts were carefully excised from the body wall with electrolytically sharpened tungsten needles and placed onto a microscope slide into a drop of glycerin. This assists dissection by dampening particle movement and aids the detection of food items due to its clearing properties (Arthur 1976 (Young & Davis 1990) . The guts were then teased apart and the contents were identified to the lowest taxonomic level possible and enumerated.
Data analysis. Prey items were pooled into 21 categories to display broad trends. For each prey category an index of relative importance (IRI) (Sassa & Kawaguchi 2004) was calculated:
where %N for each prey category was the number of times a particular prey category occurred as a percentage of the total number of prey categories found for that fish taxon and %FO was the frequency of occurrence of a particular prey category expressed as a percentage of the total number of stomachs examined for each fish family (McKinnon et al. 2002 , Sassa & Kawaguchi 2004 . We considered prey categories that had an IRI > 1000 to be major dietary components for that family, those with an IRI between 100 to 1000 to be moderate components and <100 to be minor components.
Data analysis was conducted in PRIMER v6 beta and Statistica 6.1 using the results from non-empty guts. We used ANOVA on the Shannon-Wiener diversity index (H '), which was calculated for each fish in PRIMER, to test for differences in prey diversity among fish families. The multivariate analytical approach examined data at various scales of prey identification and spatio-temporal occurrence of fish larvae, to elucidate relationships among the fish families and their prey. We first removed unidentified prey as a category (~3% of total prey items) as these occurred across many families and thus did not contribute to our understanding of the dietary difference among families. An average of each prey category per family was calculated and a data matrix constructed by considering the families as samples and the pooled prey categories as variables (46 families by 20 prey categories). The numbers of prey in a larva's gut will be influenced by the size of the gut and this will differ between taxa. To compensate for this, we first standardised the data by converting the prey to a percentage composition of the total prey categories for each fish family. A similarity matrix was then produced using the Bray-Curtis distance measure as it is insensitive to zero values while at the same time preserving the influence of abundant prey items. Group averaged clustering and non-metric multi-dimensional scaling (nMDS) analyses were then performed (minimum of 25 iterations) to produce dendrograms and 2-dimensional ordinations. The adequacy of the nMDS was assessed using stress values. A stress of < 0.1 provides a good ordination, a stress of < 0.2 provides a useful ordination and stress values > 0.2 need to be examined at higher dimensions to avoid misinterpretation (Clarke & Warwick 2000) . Generally, the 3-dimensional plots of the datasets provided a better representation of relationships (i.e. lower stress values). However, these were best when viewed on the computer screen where they could be manipulated, but translated poorly to print and were difficult to plot with cluster analyses. Consequently, we chose to display only 2-dimensional plots, which followed the same trends as the 3-dimensional plots. We examined the cluster and nMDS plots to see what groupings formed and then set a cut-off of 30% similarity (Clarke & Warwick 2000) . SIMPER (similarity percentages) was then used to determine the prey categories that had contributed to the groupings observed from the cluster and nMDS analyses.
To provide a more detailed description of the taxa of copepods being eaten, we repeated these analyses on a subset of the data for families of fish larvae that fed predominately on these prey. We removed both unidentified prey and copepod fragments and identified copepod adults to genus and juveniles to order, while non-copepod preys were lumped into one category (data matrix of 27 prey categories for 38 families of larval fishes).
The previous analyses considered larvae from a variety of sampling sites and times, so the differences recorded among families could have been confounded by spatio-temporal differences in the prey encountered. To examine if family level differences were still observed in the diets of co-occurring larvae, we repeated the analyses on a subset of larvae that were all collected in one sample from an inshore site (B, 20 m depth) on 17 February 1999. For these we used similar prey categories to those in the copepod analysis, although not all of these prey categories occurred in this sample (data matrix of 11 families and 17 prey categories). Finally, prey selectivity was assessed for these same co-occurring larvae using Chesson's α index (Chesson 1978) :
where r i and p i are the proportion of prey category i in the diet and in the water column respectively and m is the number of prey categories. Neutral preference occurs at 1/m. The proportion of prey in the water column was estimated from the average of zooplankton densities (number m -3
) for 2 vertical net tows, while the proportion of prey categories in the diet was estimated using an average count of prey categories that occurred in guts. The sub-sampling procedures for counting zooplankton samples meant that zooplankton that occurred in densities < 6 m -3 in the field may not have been detected in the samples, despite being present at the sampling location. Prior to calculation of α, prey categories not present in the guts (e.g. Acrocalanus gibber) and prey categories not recorded from the water column, whether because they were potentially rare (e.g. Clausocalanus farrani, Corycaeus asiaticus, Oithona rigida, Parvocalanus sp., Pseudodiaptomus sp.), the levels of identification/groupings differed (e.g. copepod nauplii, Oithona spp. and poecilostome juveniles), or because they were not counted as part of the zooplankton sampling data (e.g. Dynophysis), were excluded. This limits our conclusions to the relative selectivity of some components of the plankton. We considered α > 4 to indicate high selectivity for a particular prey category, 4 > α > 1 to indicate moderate selectivity and α < 1 to indicate low selectivity. To look in more detail at differences within a family the gobiids were able to be split into 2 groups, Gobiidae mixed spp., which were all of an elongate body form, and Gobiidae sp. 6, which was a deep bodied darkly pigmented species. Prey selectivity was assessed for 6 families of larval fish (7 taxa) (n > 5 individuals).
RESULTS

Fish lengths, gut fullness and digestion ratings
We examined whole gut contents of 591 individuals from 50 taxa of predominately early post-flexion larvae of ~4 mm SL (Table 1) . Mean SL ranged from 3 mm (callionymids, aploactinids, carangids, leiognathids, and serranids) to 25 mm (fistulariids). Mean ML ranged from 0.3 mm (synodontids) to 1.6 mm (fistulariids). Mean GF ranged from empty (1 ± 0, engraulids, berycids, and scarids) to full (5 ± 0, aploactinids, opistognathids, pomacanthids, priacanthids, and samarids), i.e. all individuals examined in these families recorded empty (GF = 1) or full (GF = 5) guts so there is no variation around the mean result. The majority of prey items were in an advanced stage of digestion (digestion rating > 2); even in those individuals whose guts also contained intact prey items.
Prey composition of diets
Prey diversity, measured as the Shannon diversity index (H'), differed among families (MS = 0.9, F = 6.1, df = 46, p < 0.05) and was highest for siganids and labrids (2.1 and 2 respectively, Table 1 corded an index of relative importance (IRI) of 10 000 as only one prey type was recorded in all of the larvae examined (Table 2) . These larvae included nemipterids and acanthurids, which preyed upon appendicularians; chaetodontids, which ate chaetognaths; and cirrhitids, opistognathids and solenostomids, which ate copepodites. These findings are limited by the examination of only one larva for each of these families, except for nemipterids (13 ind.) and chaetodontids (2 ind.). Copepods were major prey items for the majority of families. Copepod juveniles were the most important dietary component for 34 families of larvae (copepodites and nauplii, 24 and 10 families respectively, Table 2 ). Adult copepods were major prey items for many families; e.g. Corycaeidae Corycaeus spp. and Farranula spp. for gobiesocids, blenniids, labrids and priacanthids. Only 2 families consumed non-copepod prey as a major component of their diet; tetraodontids ate molluscs (mostly gastropods) and lethrinids (Lethrinus sp.) ate polychaetes (IRI 4909 and 1829 respectively). The only other larvae to eat polychaetes were monacanthids and gobiids, but only as a minor part of their diet (IRI 51 and 2 respectively). Gastropods were a minor dietary component of blennids and labrids (IRI 80 and 66) and bivalves for siganids and monacanthids (IRI 137 and 23).
A generalist feeding strategy was indicated for only 3 families, where only moderate values (IRI < 1000) were recorded for a particular type of prey. These included bothids, which preyed on appendicularia (IRI 947); synodontids, which preyed on small calanoids and copepod fragments (IRI 833 for both prey groups); and tripterygiids, which preyed on Oithona spp. (IRI 667), copepod juveniles (IRI 556), copepod nauplii, small calanoids and appendicularia (all IRI 222).
Some prey species were only eaten as minor components of diets. Large calanoids (Undinula vulgaris and Euchaeta spp.) were eaten by fistulariids and platycephalids (IRI 35 and 11 respectively). Fish eggs were eaten by siganids and tripterygiids and a fish larva (a goby) was eaten by the largest larva examined, a fistulariid of 65 mm (IRI 68, 56, and 35 respectively). Protists (Dynophysis sp. and a radiolarian) were recorded from callionymids, monacanthids and tetraodontids (IRI 5, 51 and 363).
Dietary differences among fish families
Clustering and nMDS analyses of all families produced 6 groups at 30% similarity (Fig. 1) . Two groups were formed by families that ate only one prey type: chaetodontids (Family 20), which ate chaetognaths (Group 1), acanthurids (Family 16) and nemipterids (Family 30), which ate appendicularians (Group 2). Group 3 was formed by tetraodontids (Family 50), which ate a mixed diet of mainly non-copepod prey including decapod larvae (44%), bivalves (20%) and protists (15%). Group 4 was composed of gobiesocids (Family 6) that preyed on corycaeid copepods (85% of diet) and copepod juveniles (15%, mainly Oithona sp.). Bothids (Family 46), samarids (Family 48) and synodontids (Family 3) (Group 5) had the most diverse diets. Bothids were closer to Group 2 due to a high proportion of appendicularian prey but also near Group 6 due to the incidence of copepods in their diet. Synodontids and samarids were plotted closer together as they both ate small calanoids. The remaining families formed a large group (Group 6) that specialised on copepod prey including copepod copepodites and nauplii (56%), calanoid copepods (13%), Oithona sp. (10%), harpacticoid and corycaeid copepods (each contributing 5% of total prey categories).
The majority of the larvae examined fed on copepods (Group 6, Fig. 1 ), but the types of copepods eaten differed among taxa. A more detailed examination of this group formed only 5 groups (Groups 7 to 11) at 30% similarity (Fig. 2) . Trichonotids (Family 43), solenostomids (Family 11) and cirrhitids (Family 21) (Group 7) ate predominately Oithona sp. (88% of diet, mostly juveniles). Holocentrids (Family 8, Group 8) ate copepod juveniles (mostly poecilostomes, 33%, and calanoids, 22%) and copepod adults (Clausocalanus spp. and Farranula spp., each 22%). Lethrinids (Family 26), serranids (Family 3), mullids (Family 29), terapontids (Family 42), priacanthids (Family 35) and scombrids (Family 38) (Group 9) specialised on copepod nauplii (47% contribution to the group). The 25 fish families that composed Group 10 ate calanoid copepodites (20%), Oithona sp. (21%), calanoid copepods (15%) and copepod juveniles (14%). Monacanthids (Family 49), carangids (Family 19), and platycephalids (Family 15) (Group 11) ate calanoid copepods (44%, mostly Temora spp.), Oithonidae (18%, mostly Oithona juveniles) and copepod juveniles (19%). The families in this group appear to have little in common with each other and in the 3-dimensional plots Group 11 sits above the others in a vertical plane, but this detail has been lost in the 2-dimensional plots.
The analysis of co-occurring families (from inshore site B, 17 February 1999) produced a dendrogram that split these into 3 groups (Groups 12 to 14) at 30% similarity (Fig. 3) (Family 32, 20 ind.) . This group ate a mixed diet of harpacticoids (22.5%, Euterpina acutifrons and Microsetella spp.), Oithona spp. (18%, adults and copepodites), copepod nauplii and copepodites (15%), and calanoid copepods (15%). These larvae were the only predators of Bestiolina similis and Pseudodiaptomus spp., although these were only consumed in small amounts (3% and 1.5% of diet respectively).
Carangids ( Non-copepod prey (12%) formed the diet of monacanthids (molluscs, polychaetes and protists) and platycephalids (decapod larvae).
Zooplankton abundance and prey selectivity for co-occurring larvae
Analysis of zooplankton and fish larvae sampled at the same station showed that cyclopoid juveniles were the most abundant prey category (260 000 per 100 m Table 1 . Diets of families closer together are more similar than those further apart. Clusters 1 to 6 were identified at the 30% similarity: (c) prey composition of these 6 clusters and Acrocalanus gibber and Corycaeus andrewsi were the least abundant (600 per 100 m) (Table 3) . Callionymids were the most abundant larvae (40 per 100 m 3 ) and samarids and opistognathids the least abundant (0.2 per 100 m 3 ). Some prey taxa (e.g. Clausocalanus farrani), which were eaten by some larvae, could not be included in the prey selectivity analysis as they were not present in sufficient concentrations to show in the sorted fraction of the zooplankton sample. A total of 17 prey categories were assessed for selectivity for 7 taxa of larval fishes.
Larvae of shorefish families differed in their pattern of selectivity. Some prey were strongly selected, such as Oithona attenuata (α = 1.6) by leiognathids (present in 45% of guts, but 4% of available prey; Figs. 4 & 5, Table 3 ). Other preys were avoided, such as harpacticoid juveniles by Cynoglossus sp. (6% of prey items in guts but 24% of prey in the environment). Bestiolina similis was rare in the water column (0.5%) but a highly preferred prey item for two families (Gobiidae, both mixed species, 20%, α = 6.8, and Goby sp. 6, 9%, α = 2.7, Pinguipedidae, 7%, α = 2.1; Figs. 4 & 5, Table 3 ). Pinguipedids showed high selectivity for both Temora sp. (15%, α = 5.6) and Corycaeus andrewsi (7%, α = 5.3), and these prey items were also rare in the water column (0.4% and 0.2% respectively). Monacanthids showed a moderate selectivity for polychaetes (33%, α = 2.3), which were another rare prey category (2% of available prey).
DISCUSSION
We have described the diets of 50 families of tropical larval shorefishes from the NWC, effectively doubling the number of families for which we now have some knowledge of prey types and feeding patterns. Copepods have been shown to be the main prey item of lar- ) 2-dimensional ordination generated from a similarity matrix of gut contents of larval fishes that fed on copepods (i.e. from Cluster groups 6 identified in Fig. 1 ; 27 prey categories from 36 families of larval fishes) collected by plankton nets near the NWC. Clusters 7 to 11 were identified at the 30% similarity: (c) prey composition of these 5 clusters val fishes in temperate waters (Hunter 1981) . Our study reinforces the conclusion of previous work (Leis 1991; Østergaard 2005 ) that this is also the case in tropical systems. Clupeids, apogonids, blennids, gobiids, haemulids, pomacentrids, scorpaenids, scarids and carangids specialise on copepod prey (Table 4) . Moreover, the orders of copepods eaten by some families were remarkably consistent across studies e.g. callionymids ate cyclopoid copepods and scorpaenids ate calanoid and corycaeid copepods (Table 4 ). There were some differences; carangids sampled in Hawaii ate predominately Oithona spp., whereas those from the Andaman Sea and NWC showed a preference for calanoid copepods. This may be due to either interspecific differences in morphology, physiology and behaviour of larvae or could simply reflect a variation in the spatiotemporal occurrence of the prey types among locations and habitat types sampled by each study (bays, coastal or oceanic waters). Fish larvae from over 76 families occurred in our collections (Sampey et al. 2004) . We have had to restrict our examination to the 50 families for which there was suitable material available, and to cover the range of taxonomic diversity we have had to compromise the number of replicate individuals examined within each family. Consequently our data do not capture the full range of variability of feeding by larvae within a family, either spatiotemporal (daily, monthly, yearly, inshore, offshore, alongshore) or ontogenetic (size and stage; pre-, post-, and flexion). Over 130 species of pelagic copepods occur in the area (A. D. McKinnon unpubl.); discrimination of the naupliar and copepodite stages to a higher taxonomic resolution than order (calanoid, cyclopoid, etc.) is logistically difficult in well preserved plankton samples and more so within the guts of larval fish where evidence of the prey is often restricted to pieces of exoskeleton. For these reasons, we have been forced to pool diverse assemblages of organisms into single taxonomic units and to treat these in our analyses in the same way as taxa that we have been able to identify to species. Differences in naupliar behaviour between genera render them differentially susceptible to predation (Titelman & Kiørboe 2003) and the same is likely to be true for copepodites. Therefore, for any particular family of fish larvae there is an underlying level of prey selection that we have been unable to discriminate. ) 2-dimensional ordination generated from a similarity matrix of cooccurring larvae from one sample collected by plankton nets on the NWC (29 prey categories from 11 families of larval fishes). Clusters 12 to 14 were identified at the 30% similarity: (c) prey composition of these groups
Inter-specific differences within families
Dietary information is available for at least 7 species of scombrids and 9 species of bothids (Uotani et al. 1981 , Jenkins et al. 1984 , Young & Davis 1990 . This limited database suggests that interspecific differences are no greater than inter-family differences in diet. We could not identify the scombrids in our study confidently to genus but they all appeared to be representatives of one species. These larvae were mostly ~5 mm and ate copepod nauplii and appendicularians, which is consistent with the findings of other studies (see Table 4 ). Auxis spp., Scomberomorus spp., and Katsuwonus spp. larvae examined in three different studies (Uotani et al. 1981 , Jenkins et al. 1984 , Young & Davis 1990 ) all showed a preference for appendicularians when less than 5.5 mm long, with only Thunnus spp. showing a preference for copepod nauplii and cladocerans (Evadne spp.) at a similar size. Bothids also ate appendicularians and calanoid copepods, with some species eating both of these prey items and others preferring only one. Variation in diet among species within a family was recorded in our study where one goby (goby 6) showed slightly different prey preference to other co-occurring gobiid species. All of these larvae showed strong preference for Bestiolina similis, but goby 6 ate polychaetes, Euterpina acutifrons and Corycaeus sp., in contrast to the remaining species that ate Oithona nana and O. attenuata. Such differences in prey choices within families may be related to differences in encounter rates between larvae and prey, which will be affected by prey patchiness (Jenkins 1988) and small scale turbulence (Gallego et al. 1996 , MacKenzie & Kiørboe 2000 and may also be affected by variation in the morphology, physiology and behaviour among species within a family. However, the consistency of prey choices across families collected at different locations and times suggests that prey selection by fish larvae is influenced by characteristics of their prey and the inherent preferences of particular taxa.
Prey characteristics -copepod prey
The characteristics of copepods as prey for larval fishes differed between and within orders. Some families of fishes preferred calanoid copepods, others ate more cyclopoid copepods (including species in the families Oncaeidae, Corycaeidae and Oithonidae; Boxshall & Halsey 2004 ) of zooplankton and fish larvae collected by plankton nets at site B near the NWC on 17 February 1999. Hp: harpactocoid copepods, Ca: calanoid copepods, Cy: cyclopoid copepods, NC: non-copepod. Prey items present in guts but not recorded in plankton counts are listed tion when compared to many of the calanoid copepods such as Centropages spp., Paracalanus sp., Pseudocalanus sp., and Calanus spp., which are slower moving, larger and sometimes pigmented (Kimmerer 1991) . Small calanoids of the genera Clausocalanus, Pseudodiaptomus, Canthocalanus, Calanopia, Temora, Paracalanus, Parvocalanus and Bestiolina were greatly favoured by the fish larvae we examined. These may be preferred items simply because their size is within the size range of prey preferred by the larvae in our samples or due to other attributes of the prey, such as behavior and nutritional content. B. similis has been suggested as a good candidate for tropical larval fish diets in aquaculture due to the size of its developmental stages, susceptibility to predation, growth rate and nutritional composition . Our study shows that B. similis can be a highly preferred food item for some larval fishes in the field. Gobiid and pinguipedid larvae had a medium to high selectivity for B. similis; however, the actual numbers eaten were low compared to other prey as B. similis was rare in the plankton at the time of sampling.
Larval fish may act to optimise growth by utilising high calorific foods when available. Calanoid copepods have been found to preferentially select food with the highest nutritional content (Kleppel & Burkart 1995) suggesting that for predators, they may in turn be predictably high in nutritional content. Preferential selection of calanoid copepods has been recorded in both temperate (Pepin & Penney 1997) and tropical environments (Mitchell 1991 ) when prey was not limited. In aquarium trials of laboratory-reared larvae fed different concentrations of field-captured zooplankton, two species of pomacentrids, Amphiprion polymnus and Amblyglyphidodon aureus showed positive selection for calanoid species and negative selection for oithonid copepods, despite the higher numbers of oithonids in the plankton offered (Mitchell 1991) . We provide further support for this interpretation as 85% of families examined (i.e. 40 of 47 with prey in the guts) contained calanoid copepods and for 43% of these families, calanoids constituted > 50% of their diet. In comparison, 72% of the families fed on oithonid prey but only in 6% of the cases did oithonids form > 50% of the diet. Thus, it appears that larval fishes in the tropics will preferentially select calanoid copepods as prey. Table 4 . Comparison of diets for selected families from our study with the results from previous studies. Since the diets of larval fishes alter with size (Østergaard et al. 2005) , the data are limited to tropical larvae with dietary information for larvae of similar sizes to those sampled in our study. Only dominant prey items are listed. N = no. of individuals examined by a small number of fish families, but when consumed they were often a preferred prey. Mollusc veligers are highly visible and slow moving but their shell may make them harder to digest and thus limit their desirability as prey. Tetraodontids were the only larvae to consume mollusc veligers as a major part of their diet in this study, whereas blennids, siganids and labrids ate mollusc veligers as only a minor part of the diet. Chaetognaths are ambush predators (Kimmerer 1991) and have been known to eat larval fishes (Hunter 1981) , although their main diet is copepods (Alvarez Cadena 1993). They are preyed upon by larval fishes (Hunter 1981 ) but generally do not form a major component of their diet. Larvae of 3 families of tropical fishes are known to utilise chaetognaths as prey: chaetodontids (this study), scombrids (Young & Davis 1990) and bothids (Liew 1983) . Appendicularians are long, thin, softbodied tunicates of limited mobility, which are encased in a mucus house and as a result may be difficult for many larvae to detect and capture (Liew 1983 ). These were also only eaten by a small number of families including scombrids (Uotani et al. 1981 , Jenkins et al. 1984 , Young & Davis 1990 , this study), bothids (Liew 1983 , this study), and acanthurids (Randall 1961, this study) . Mollusc veligers, chaetognaths and appendicularians are not predated by many families of fish larvae, implying that specialised physiological and morphological adaptations are required for these prey types. Laboratory experiments to determine the ability of larvae to handle different prey types would advance our understanding of larval fish life history strategies and food webs in tropical environments.
Prey characteristics -non-copepod prey
Larval fish feeding and pelagic food webs on the North West Shelf of Australia
During the period of our study the waters of the North West Shelf of Australia had intermittently high primary production, particularly during the 1997-98 El Niño event (Furnas 2007) . The concurrent study of Meekan et al. (2003) found differences in both ambient temperature and zooplankton biomass between years, with the summer of 1997-98 characterised by cooler water temperatures, higher concentrations of chlorophyll a and higher zooplankton biomass. The composition of the larval fish community also varied between these years (Sampey et al. 2004) . For example, carangids were more abundant in 1997-98 than in 1998-99, and increased in abundance during the summer of 1997-98 (Sampey et al. 2004 ); a pattern mirrored by the small calanoids predominant in their diet. The small calanoid prey fraction were severely food-limited during the period of this study , as were the adults of the paracalanid copepods important amongst the small calanoid fraction (McKinnon & Duggan 2001) . Food limitation of copepod growth appears to generally be the case in tropical shelf environments . Subsequent low transfer efficiencies through the phytoplankton-copepod -larval fish food chain may therefore contribute to food limitation of the components of the larval fish community dependant on copepod prey.
Protists have generally been neglected or underestimated as potential prey items in investigations of larval fish diets either due to the specific methodology required to identify them or because they have already been digested (de Figueiredo et al. 2005) . Some taxa of larval fishes in the area can feed directly on the protist community (see diets of callionymids, monacanthids and tetraodontids) and others may link into the microbial food web through other prey items such as appendicularia (scombrids, bothids and acanthurids), polychaetes (lethrinids, monacanthids and gobiids) and molluscs (tetraodontids, blennids, labrids, siganids and monacanthids). However, generally protistan microzooplankton on the NWS appear unlikely to be important in the transfer of energy to larval fishes since they consume <5% of primary production (Moritz et al. 2006) . Engraulids and scarids (amongst others) were recorded as having empty guts, but this may only reflect the absence of the more easily identified metazoans in their guts and these families could conceivably have been feeding on delicate micro-organisms such as ciliates. An ability to feed either directly or indirectly (e.g. via picoplankton grazers such as appendicularia) on components of the microbial food web might explain why the larvae of some reef fishes such as acanthurids, chaetodontids and labrids are frequently found offshore, 100s of km from land, whereas others such as most pomacentrids are rarely captured in oceanic waters (Victor 1987 , Clarke 1995 , Mora 2002 , Lo Yat et al. 2006 . However, our results, although intriguing and consistent with those of other studies (e.g. acanthurids, Randall 1961) are based on the analysis of only a few individuals. Confirmation of these ideas will require targeted sampling of larval reef fishes on broad cross-shelf and oceanic transects. The development of molecular probes to identify gut contents (e.g. Nejstgaard et al. 2003 , Suzuki et al. 2006 ) represents a powerful new tool to quantify predation on protists and other easily digested organisms. Such tools will be necessary to fully appreciate the diversity of larval fish diets.
CONCLUSIONS
Our aim was to provide some insight into the feeding of as many taxa as possible of tropical fish larvae. Dietary preferences were broadly similar to those found in studies of fish larvae from temperate ecosystems. Despite the limited numbers of individuals examined in some families, there were clear differences between families of larval fish in prey types eaten. Most families of larval fish preferred copepod prey, and only 4 families were restricted to non-copepod prey. Calanoid rather than cyclopoid copepods were the preferred prey of most families of fish larvae, possibly because of their size, pigmentation, escape responses and nutritional value, and some calanoid genera (e.g. Bestiolina) were preferred prey items. Comparison of our data with studies of fish from the same families found elsewhere indicates that there are inter-specific differences in dietary preference. The selectivity displayed by fish larvae specialising on copepods reinforces the value of identifying prey to a low taxonomic level and highlights the need to develop more powerful tools towards this end. The ability of fish larvae to access components of the microbial food webs predominant in tropical waters is likely to determine their differential feeding success and subsequent distribution within the plankton.
